Flow cytometric DNA analysis was done on 132 canine mammary tumors from 99 dogs to evaluate the relation to histology and to clinical staging. Seventy-one tumors (54%) were histologically malignant; 38 (54%) of these were aneuploid and 33 (46%) were diploid. Fifty-two (39y0) tumors were histologically benign, of which 45 (87%) were diploid and seven (13%) aneuploid. There were nine dysplastic mammae (7%); two were aneuploid and the rest diploid. DNA indices varied from 0.72 to 2.35. Of 58 mammary carcinomas, 25 (43%) were diploid and 33 (57%) were aneuploid (of the latter, 16 showed hypodiploidy and 17 hyperdiploidy with a predominance between DNA index 1.10 and 1.50). Three tumors (two carcinomas and one malignant mixed tumor) were multiploid with two aneuploid cell populations. The histological type varied within eight tumors, and in four of these the DNA index also varied. DNA indices varied within three tumors with uniform morphology. No correlation was found between DNA index and age of the dogs, nor between DNA index and tumor size. No significant differences were found between DNA index and histology, tumor growth pattern, or tumor location. Benign tumors were smaller than carcinomas, which were smaller than malignant mesenchymal tumors. Tumors growing adherent to the skin were larger than those not adherent to the skin. The regional lymph nodes were examined in 33 cases. No significant difference between the mean DNA index and presence of lymph node metastasis was found. These results show the possibility ofusing flow cytometry for DNA analysis in canine mammary tumors. Further investigations are needed to evaluate DNA ploidy as a diagnostic and prognostic tool in the investigation of canine mammary tumors.
Mammary tumors are the most common tumor in the b i t~h .~,~~,~~,~~ They generally have a complex histological pattern and have been the subject of many r e p~r t~.~,~, '~~~~~~~~~~-~~, ~~ To meet the increasing demand for prognosis6J2 it is necessary to add other methods to conventional histological classification. In this report the classification according to Fowler et al. has been used.Is It is based on histogenesis and biological behavior of the tumors. DNA analysis has been used to determine if alterations in the DNA ploidy can be related to grade and prognosis as has been found in human breast carcinomas, with lower survival rates in aneuploid tumors than in d i p l~i d . l~.~J Results, however, in human breast carcinomas are not unequivocal.*' Reports on DNA analysis in veterinary pathology are sparse, but DNA ploidy in canine tumors in relation to histology has been reported. 20 This study investigates the relationship between DNA ploidy, histology, and some clinical variables in canine mammary tumors.
Materials and Methods

Patient material
Mammary tumors (1 32 spontaneous) from 99 bitches of 34 different breeds were surgically removed during a pre-determined period of 26 months. Age of the bitches ranged from 5 to 16 years with a mean age of 10.4 years. Total unilateral mastectomy at the Department of Surgery, Swedish University of Agricultural Sciences was done on all dogs as well as clinical examination and, in most cases, x-ray examination of the thorax. Clinical assessment of local tumor invasiveness was based on the degree of adherence to the overlying skin and to underlying tissues, according to the TNM staging For statistical analysis of growth, tumors were considered as two groups; those adherent to the skin and underlying tissues and those not. Mammary tumors were then grouped according to site of origin (left vs. right, and anterior three vs. posterior two) for statistical analysis of tumor location.
Tissue sampling
Fresh mammary tumors were immediately put on ice during the surgical operation. Tumors were cut into pieces from which adjacent parts were taken for histology and DNA measurements. Tissue samples for DNA analysis were frozen in liquid nitrogen (-196 C) or in a freezer (-70 C). Tissue samples taken for histology were fixed in 10% buffered formalin. Tumors larger than 1 centimeter (71 cases) were divided into several defined samples. From the 132 tumors, 2 15 samples were analyzed histologically and for DNA ploidy. Necrotic central parts in some tumors were carefully avoided for DNA analysis. Some tumor samples were stored 219 at + 4 C up to 5 days without any noticeable changes in the DNA ploidy.
Cell analysis
Control cells. Chicken red blood cells (CRBC) were used as internal standard. Canine peripheral blood nucleated cells (CBC) combined with CRBC were used as external standard. The blood cells were heparinized and diluted with citrate buffer and then stored at -70 C until used.
Cell preparation for DNA analysis. Preparation and staining was done according to VindeLv et al., 40 except that volumes of the solutions were halved. Briefly, tumors were thawed and fine needle aspiration was done. Cells were suspended in citrate buffer, dispersed by proteolytic enzyme treatment, and stained with propidiumiodide, a DNA-specific fluorochrome. A cytological smear was made of 50 pl of the cells in citrate buffer as a check on the uniformity of the cells. Slides were stained with May-Griinewald Giemsa.
Flow cytometry and DNA analysis. In flow cytometry, single cells are measured in a liquid stream passing a focused laser beam where dye-labeled cells give rise to light scatter and fluorescence. Signals are analyzed and stored in a multichannel analyzer. The flow cytometer used was a FACS 3 Cell Sorter (Becton Dickinson, Sunnyvale, CA). At least 10,000 cell nuclei were analyzed in each sample, and most specimens were analyzed several times on different occasions. The DNA index (DI) was defined as the ratio between the modal channel number of the tumor cells and of the internal standard cells (CRBC) in relation to the mean value of the ratio between the external standard cells (CRBC and CBC).
The DI was calculated for each different peak in the tumor. When two or more peaks were found in the same tumor, the DI having the greatest divergence from 1 .OO was chosen. In tumors with a single peak where several parts of the same tumor were measured, a mean value of the DI was chosen.
The range of diploidy was set at +-2 standard deviations (SD) of the mean value of the CBC in relation to the CRBC. Tumors with DNA values of 1.00 f 0.06 were considered diploid. Tumors with DI of 1.88-2.12 and at least 20% of the cell population in this region were considered tetraploid. Tetraploid tumors, hypodiploid tumors (DI less than 0.94), and hyperdiploid tumors (DI above 1.06) were all grouped as non-diploid. All tumors defined as aneuploid also contained a diploid peak. The coefficient of variation (CV) was calculated as the SD divided by the mean of the distribution expressed as a percentage. The CV of the CRBC was 3.99% f SD 0.89 and of the CBC CV was 3.69% f SD 0.76. Recommendations for cytometry were used as a guideline,Ig but DNA as prefix indicating cytometric DNA analysis has not been applied.
Histological evaluation
Material for histological examination was taken adjacent to the parts chosen for DNA analysis. Hematoxylin and eosin-(HE) stained slides were examined without being identified. The mammary dysplasias were classified according to the World Health Organization18 and the tumors according to Fowler et al.,I5 with the modification that comedocarci-noma was included as a further type among the ductular carcinoma^.^^ When carcinomas were composed of a mixture of papillary, solid, and scirrhous structures, the predominating feature was decisive for typing. Not all mesenchymal malignant tumors were classified as myoepithelial tumors. Diagnosis of malignant mixed tumor was reserved for tumors where both epithelial and mesenchymal components were malignant. For statistical analysis of histology, tumors were considered as three groups; benign, carcinomas, and malignant mesenchymal.
Statistics
One factor analysis of variance was used to relate DNA index to histology, tumor location, tumor growth, and involvement of lymph nodes and to relate histology to tumor size. When a significant difference was found, further analysis was done with SchefE F-test. Correlation coefficient was used to relate DNA index to age and tumor size. Chi-square test for independence was used to relate histology and tumor growth, and histology and tumor location.
Results
Principal tumors
No significant difference was found between DNA index and histology (Figs. I, 2; Table 1 ).
Mammary dysplasias. The most common lesion among the dysplasias was characterized by multiple cysts lined with a flattened single layer epithelium and a varied degree of interstitial fibrosis. Seven cases were diploid while two lesions were hypodiploid. One of these was a fibrosclerosis with DNA index (DI) 0.87 and the other was a lobular hyperplasia with DI 0.86.
Adenomas. Tumors showed proliferation of alveoli and intralobular ducts. In four adenomas there was considerable fibrosis. Seven tumors were diploid while two were hyperdiploid with DI 1.27 and DI 2.12, respec tivel y .
Papillomas. Tumors showed papillary proliferation of interlobular ducts which sometimes formed cystic dilations. Six tumors were diploid, three were hypodiploid with DI 0.83, DI 0.85, and DI 0.87, respectively, and one papilloma was hyperdiploid with DI 1.12.
Benign mixed tumors. This was the most common type of benign tumor. Tumors varied considerably in histology. The epithelial part appeared as adenomas or papillomas. Tumors also contained connective tissue, cartilage, bone, and often a proliferation of myxoid tissue. The combination of these different tissues varied within tumors and between them. Thirty tumors in this group were diploid while one tumor was hyperdiploid with DI 1.46.
Benign myoepitheliomas. One of the two tumors in this group showed a proliferation of spindle-shaped cells, and the other consisted of myxoid tissue. Both tumors were diploid. Carcinomas. The DNA ploidy of the carcinomas is given in Fig. 3 , and the relation between histology and DNA ploidy in Fig. 4 . The different DNA patterns are demonstrated in Fig. 5 . Nine ductular carcinomas were in situ; three of them hypodiploid, five diploid, and one hyperdiploid. The solid type was the most common infiltrating carcinoma (27 cases) . This type was characterized by densely packed tumor cells. Two tumors each had two aneuploid cell populations with DI 0.89 and 1.86, DI 0.71 and 1.48, respectively. Ten infiltrating ductular carcinomas were of the comedo type. They showed a typical pattern of ductular proliferation, sometimes with a tendency to chain formation of the epithelium and always central ductular necroses. Tumor cells were frequently seen in lymphatic vessels, and, in seven tumors were also in regional lymph nodes. The papillary type was present in five cases. Tumors showed papillary formations often combined with cystic ductular dilations. The basement membrane was penetrated by tumor cells infiltrating the stromal tissue. The only case of the scirrhous type showed small nests of tumor cells infiltrating in dense connective tissue. Two carcinomas were classified as diploid with a single peak within the aneuploid region. The high coefficient of variation (CV) (6. 36 and 4.79) indicates that there might be a near diploid peak present. Dilution of this population with canine peripheral blood nucleated cells (CBC) did not show further peaks. Four lobular carcinomas were hypodiploid, one diploid, and one hyperdiploid. Tumors showed proliferated alveoli infiltrating the surrounding tissue.
Malignant myoepitheliorna. The only tumor clas- sified as a malignant myoepithelioma showed a proliferation of myoepithelial-like cells towards the lumina in the ducts, and the tumor cells formed a myxoid tissue which also seemed to be chondroid. The tumor had DI 1.79.
Malignant mixed tumor (carcinosarcoma). The only tumor in this group consisted of a ductular carcinoma combined with a fibrosarcoma. The DNA analysis showed two hyperdiploid populations with DI 1.34 and 1.64.
Other tumors
This group consisted of seven fibrosarcomas, out of which five were diploid and two were hyperdiploid with DI 1.24 and 2.02. There was one case of osteoblastic osteosarcoma with DI 0.96. The CV in this tumor was 7.10, which indicates that there might be a near diploid cell population present. Addition of CBC did 
Variation within tumors
The proportion between cell populations varied within most tumors. In eight tumors there was a variation in the histology, and in four of these the DI also varied (Tables 2, 3 ). Three tumors showed a variation in the DI values within the tumor despite a similar morphology (Table 4) .
Age ofthe bitches. The mean age of the dogs with histologically benign tumors was 8.9 -t standard deviation (SD) 1.9 (n = 30) years, and the mean age of the dogs with histologically malignant tumors was 9.9 iz SD 2.0 (n = 60) years. No correlation was found between the DI and age of the dogs (r = 0.08). Tumor location. The location of the tumors was established in 125 cases. Nineteen lesions (1 5%) were located in one of the two first mammary glands, 24 (19%) in the third gland, and 8 2 tumors (66%) were located in the fourth or fifth mammary gland. No significant differences were found between DI and tumor location, or between histology and tumor location.
Tumor size. Tumors varied from 0.5 to 20 cm in diameter. Benign tumors varied between 0.5 and 10 cm in diameter (mean value 2.8 cm & SD 2.2). The size range of the carcinomas varied from 0.5 to 20 cm in diameter (mean value 5.0 cm -t SD 3.4). Fibrosarcomas measured between 5 and 20 cm in diameter (mean value 12.3 cm k SD 4.7). There was a significant difference between histology and tumor size (P = 0.000 1); benign tumors were smaller than carcinomas, which were smaller than malignant mesenchymal tumors. No correlation was found between tumor size and DI (r = 0.17).
Tumor growth. No significant difference between DI and tumor growth was shown. The Scheffe F-test showed a significant difference between tumor growth and tumor size (P = 0.0001); tumors adherent to the skin were larger than tumors not adherent to the skin. Chi-square test for independence between histology and tumor growth gave a significant result (P = 0.000 1).
Regional lymph node involvement. Regional lymph nodes (superficial inguinal lymph nodes) were histologically examined in 32 carcinomas and two fibrosarcomas. Out of 11 carcinomas that had spread to the regional lymph nodes, five were aneuploid and six dip- loid. In 21 carcinomas without lymph node involvement, 12 tumors were aneuploid representing both infiltrating and noninfiltrating carcinomas. One factor analysis of variance showed no significant difference in mean DI.
Discussion
In this collection of clinical material, selection may have unavoidably occurred, since some dogs were obtained from veterinarians outside the faculty. An overrepresentation of tumors with clinically suspected malignancy can therefore be expected. Chrisp et a1.8 found about 70% benign and 30% malignant mammary tumors in a closed beagle population when examining 652 tumors from 179 dogs. The fact that mammary nodules were removed at a very early stage may explain why they found a higher percentage of benign tumors than reported by others who used clinical materi-DNA ploidy in canine mammary carcinomas has been reported by Johnson et a1.20 They found aneuploidy in six of 15 carcinomas (4Oo/o), with one peak at about DNA index (DI) 1.00 and another between DI 1.10 and 1.45. This is partly in agreement with our results with the hyperdiploid carcinomas in which there was a peak between DI 1.10 and 1 S O . In human breast carcinomas, the aneuploid peak often is within or above the triploid region. For example, Ewers et al. investigated 638 breast carcinomas and found aneuploid peaks between DI 1.1 and 2.1 with an accumulation around DI 1.7. They found a total of 41% aneuploid tumors. 11 Similar results have been reported by other^.^^,^^ One of the main differences compared to studies in human breast carcinomas is the high frequency of hypodiploid tumors in canine mammary tumors, which also has been observed by others (G. R. Rutteman et al., personal communication).
Hypodiploidy in human breast carcinomas does occur but is not very though chromo- According to some r e p o r t~, ' J~, *~,~~,~~ aneuploidy indicates possible premalignancy. In human breasts with proliferative lesions of fibrocystic disease, karyotypic abnormalities with aneuploidy and structurally aberrant chromosomes have been found.14 The clinical importance of aneuploidy in dysplasias is difficult to evaluate. Perhaps cells can return to a diploid stage if a promoting stimulus ceases to act. The reversibility of changes in DNA ploidy and morphology in bronchial cells in beagle dogs treated with a carcinogenic substance (20-methylcholanthrene) supports this idea. 30 Aneuploidy in the papillomas in our material might point to the difficulty in histologically differentiating between papilloma and highly differentiated ductular papillary carcinoma as has been emphasized previously.'3
One of the problems in diagnosing canine mammary tumors is that they often occur in multiple glands at the same time and they often become large. It has been established that there are both inter-and intratumoral changes in morphology. l 5 We therefore measured the DNA ploidy in different parts of the tumors adjacent to the surfaces taken for histology. The variation in DNA ploidy within three tumors with similar histology is not in agreement with others who found stable DNA ploidy within human breast carcinomas.2 The fact that the histology varied within eight tumors and four of these also had varying DNA values might indicate progression into different clones within the tumor. Variation in size of different aneuploid peaks within tumors in our material might indicate the uncertain validity in selecting the largest peak for the representative DI which has been reported.ll Infiltrating tumors usually have a worse prognosis than the non-infiltrating or in situ c a r~i n o r n a s .~J~J~~~~ Aneuploidy was, however, found in both types in our material. Histological grading is particularly desirable in the carcinomas.8J2 Gilbertson et a1.I6 in their report characterize so-called "precancerous mastopathy" and suggest that these lesions were classified previously as malignant tumors. Aneuploidy in similar cases might contribute to a classification of these lesions.
One of the main problems in a histological classi-fication of canine mammary is the identification of the histogenesis of mesenchymal tumor components. Opinions differ concerning the role of myoepithelial cells in the mesenchymal tum o r~.~~~~~~~~~~~~~~~~ Monoclonal antibodies against intermediate filaments have been used to show the histogenesis of most cells.
Application of monoclonal antibody techniques may throw new light on the histogenesis of canine mammary mixed tumors. Involvement of regional lymph nodes showed no significant difference to the DNA values in our material. In a previous study, no correlation between lymph node involvement and prognosis in canine mammary tumors was found.26 D N A ploidy in canine mammary tumors can easily be measured by flow cytometry. If DNA ploidy is of prognostic value it could be analyzed preoperatively in the same specimen used for cytology. Estimation of the biological value of DNA analysis needs, however, further investigation with follow-up studies, which should include autopsies and examination of the metastases.
